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Abstract : There are ample experimental evidences that suggest the existence of pseudogap around the Fermi level in normal Mate of h ig h /' 
superconductor A possible mechanism based on removal of orbital degeneracy in Cu-O unit cell of cuprates has recently been proposed The density 
of states around the, Fermi level is obtained for different doping concentration and is found to be sensitive function of carrier concentration and next- 
nearest hopping The electrical conductivity has also been calculated. The resistivity changes metallic like to semiconductor like with onset of 
distortion in Cu-O cell associated with lifting of degeneracy. A peak appears at a characteristic temperature, which depends on elcciron-laifice 
interaction strength and carrier concentration.
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1. Introduction
T he cx i.s tcn ce  o f  p s e u d o g a p  th a t a p p e a rs  a t  c e r ta in  te m p e ra tu re  
7** >  ( .su p e rc o n d u c tin g  tr a n s i t io n  te m p e ra tu re )  in  e le c tro n ic  
sp e c tra  o f  h ig h -T ^  s u p e r c o n d u c to r  is  c o n s id e re d  to  b e  th e  m o s t 
im p o rta n t fe a tu re  o f  th e  c u p ra te s .  T h e  d ip - I ik c  s tru c tu re  in  th e  
e le c tro n ic  d e n s i ty  o f  s ta te s  is  re fe r re d  to  as  p .seu d o g ap . M a n y  
e x p e r im e n ts  l ik e  N M R  [1 ] , a n g le - r e s o lv e d  p h o to c m is s io n  
sp ec tro sc o p y  (A R P E S )  [2 ], S p e c if ic  h e a t [3 ] , e le c lro n ^ tu n n e lin g  
sp e c tro sc o p y  (E T S )  [4 ] , s c a n n in g  tu n n e lin g  m ic ro s c o p y  (S T M ) 
15] h a v e  p r o v id e d  e v id e n c e  in  f a v o u r  o f  s u c h  s t r u c tu r e  in  
e le c tro n ic  e x c ita tio n  sp e c tra . T h e  p o s s ib le  m e c h a n is m s  lik e  (i)  a 
p re c u rso r  p a ir in g  [6 ] , ( i i)  a  c h a rg e - d e n s i ty -w a v c  g a p  [7J, ( i ii)  a  
sp in  g a p  d u e  to  a n ti f e r ro m a g n e t ic  c o r r e la t io n  (8 ] h a v e  b e e n  
c o n s id e re d  e a r lie r .
T h e  s t r u c t u r a l  t r a n s i t i o n  f r o m  a  t e t r a g o n a l  to  a n  
o r th o r h o m b ic  p h a s e  a n d  th e  a s s o c i a t e d  l o w e r i n g  o f  th e  
sy m m e try  h a s  lo n g  b e e n  c o n s id e re d  im p o r ta n t in  th e  h ig h  
su p e rc o n d u c to rs .  I t  h a s  b e e n  r e c e n t ly  p ro p o s e d  [9 ] th a t  th e  
s t r u c tu r a l  d i s to r t i o n  c a n  le a d  to  p s e u d o g a p  b e h a v io u r  in  
e le c tro n ic  d e n s i ty  o f  s ta te s . In  th is  c o m m u n ic a t io n , w c  p re s e n t 
the  re s u lts  o n  d e n s i ty  o f  s ta te s  a n d  e le c tr ic a l  r e s is t iv i ty  b a se d  
on a  s im p le  m o d e l  o f  c u p ra te s .
2. Mfodelandcalculatioiis
It is g e n e ra lly  b e lie v e d  th a t th e  e le c tro n s  in  C U O 2 la y e r  a re  m a in ly  
r e s p o n s ib le  f o r  th e  u n u s u a l  p r o p e r t i e s  o f  th e  n o rm a l  a n d
su p e rc o n d u c tin g  s ta te s  o f  h ig h  o x id e  m a te ria ls . T h e  e lec tro n ic
s la te  o f  th e  C u O ^  la y e r  is  a c o m b in a tio n  o f  fiv e  s ta te s  : o n e  d- 
s ta te  o f  C u  a n d  tw o  p -s ta te s  o f  e a c h  O x y g e n . A s p  h o le s  p lay  a 
le a d in g  ro le  in n o rm a l s ta te  transp (^ rt a n d  su p e rc o n d u c tiv ity , 
w e  c o n s id e r  o n ly  b o n d in g  p -s la te s  (p  ^ a lo n g  x  a x is  an d  a lo n g  
y -a x is  in  a  la y e r )  a n d  n e g le c t n o n -b o n d in g  o rb ita ls .
In  th e  u n d is to r le d  p h a se , th e  e le c tro n s  w ill 's e e ’ th e  sa m e  
s i te  e n e rg y  in  ’a ’ a n d  ’b ’ d ir e c t io n s  o f  th e  C u -O  lay er, b u t th e  
o r th o rh o m b ic  d is to r t io n  w ill re m o v e  su c h  d e g e n e ra c y  o f  s ite  
en e rg y  a s  th e  l ig a n d  fie ld  w o u ld  sh if t  th e  e n e rg y  lev e l d iffe re n tly  
in 'a ' a n d  'b 'd i r e c t io n s  o f  a  u n it  c e ll ( l ik e  J a h n -T c lle r  d is to r tio n ) . 
T h is  J a h n -T c lle r  lik e  d is to r t io n  w ith in  th e  u n it c e ll o f  th e  la y e r  
w ill lo w e r  th e  e le c tro n ic  e n e rg y . M o re o v e r , th e  d is to r t io n  w ill 
in c re a se  th e  c la s tic  e n e rg y , w h ic h  is p ro p o r tio n a l to  th e  sq u a re  
o f  th e  d is to r t io n . S o  th e s e  tw o  c h a n g e s  in  e n e rg y  c o m p e te  w ith  
e a c h  o th e r . F o r  so f t la ttic e , a  d is to r t io n  m a y  re s u lt  b e lo w  a t 
t r a n s it io n  te m p e ra tu re .
W e c o n s id e r  a  m o d e l H a m il to n ia n  (9 ] th a t  d e s c r ib e s  th e  
e le c tro n ic  m o tio n  in s im p le s t fo rm  w ith in  th e  C u -O  lay er.,





T h e  e ig e n v a lu e s  o>, a re
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H e re , £pa r e p re s e n ts  s i te  e n e rg y  fo r  th e  o rb ita l  a  (w h e re  
=  1, =  2 ) an d  fo r sm a ll d is to r tio n  e, ^  G  b e in g
th e  e le c tro n - la t t ic e  in te ra c t io n  c o n s ta n t. T h e  c o m p re s s e d  b o n d  
b e tw e e n  C u - 0  p u sh e s  u p  th e  e n e rg y  lev e l by  G o  a n d  e lo n g a tio n  
p u sh e s  d o w n  b y  sa m e  a m o u n t. T h e  s e c o n d  te rm  re fe rs  to  th e  
n e a re s t n e ig h b o u r  h o p p in g  b e tw e e n  a n d  o x y g e n  o rb i ta ls  
lo c a te d  at n c ig b o u r in g  s i te s  i a n d  j. T h e  h o p p in g  a lo n g  th e
6), =  (O i =
Aco-o)^
T h e  d e n s i ty  o f  s t a te s  p(e)  is  e a s i ly  o b ta in e d  f ro m  the
sa m e  a x is  is m e d ia te d  b y  C u  d -s ta tc  a n d  is r e p re s e n te d  b y  la s t im a g in a ry  p a r t o f  th e  G re e n  fu n c t io n . T h e  d e lta  fu n c tio n s  thus
te rm  w ith  r ' a s  th e  n e x t- n e a re s t  n e ig h b o u r  h o p p in g  in te g ra l a p p e a r  h a v e  b e e n  re p la c e d  b y  th e  G a u s s ia n  d is tr ib u tio n  w ith  ii
(F ig u re  1). T h e  H a m ilto n ia n  ( I ) c a n  b e  w ritte n  as  
^  ~ p a P k a a P k a a  P k a a P k a ’i
k,a kM
w h ere
€f^  =  4t s in  k ^ a l l  s in  k^aH^
Spa -  It'icos k^O'^cos k^a^-fJ±Ge,  
(■f)fora = l, (~-)fora==2.
b ro a d e n in g  w id th  r fo r  n u m e r ic a l s im p lif ic a tio n .
T h e  c o r r e s p o n d in g  fre e  e n e rg y  is
F = -kT  5 ; ln [ l  +  f■ ^ " ] + ^ C e ^
1w h e re  Ce is  th e  la t t ic e  s tra in  e n e rg y  w ith  C  th e  a p p ro p r ia te  
e la s t ic  c o n s ta n t.
TTie e q u i l ib r iu m  v a lu e  o f  th e  s t r a in  e is  d e te r m in e d  by 




Cu ^  it
ta n h  (Pco^  / 2 ) - t a n h  (p(0_ / 2 )
co  ^ -co_ (3)
Q o -
o
T h e  c h e m ic a l p o te n t ia l  ( / i )  is d e ie m iin e d  by  th e  n u m b e r  ot 
e le c tro n s  th ro u g h  th e  v a r ia tio n
n = l p ( e ) f ( e ) d € . (4)
Fif{ure 1.
w h e re  f (e )  is  th e  F e rm i fu n c tio n . T h e  so lu tio n s  ofe as a  fun ctio n  
o f  te m p e ra tu re  a n d  c h e m ic a l p o te n tia l w e re  o b ta in e d  n u m erica lly
W e o b ta in  e n e rg y  d is p e r s io n  a n d  e le c tro n  d e n s i ty  o f  s la te s  c o r r e s p o n d in g  n u m b e r  d e n s i ty  d e te r m in e d  b y  th e
b y  u s in g  G re e n 's  fu n c t io n s .
^ a a ' ~  '“{j\Pkaa»Pkaa ' ) ) '
=  l +  Gix ^
G 2 i( f i ) - £ p 2 )  ~  ^k •
H e re , G ^ .  =  =  + , - ) .
T T " - " -
w h e re  is  th e  s p e c tra l  w e ig h t  o f  th e  G re e n  fu n c tio n , w h ic h
is d e f in e d  as
Ao) A(o
e q u a tio n  fo r  n.
T h e  te m p e ra tu re  d e p e n d e n c e  o f  th e  g a p  o r  p s e u d o g a p  and 
th e  D O S  a f fe c t th e rm a l v a r ia t io n  o f  t r a n s p o r t  p ro p e r tie s . T h e  
e le c tr ic a l  c o n d u c tiv i ty  is  c a lc u la te d  fro m  th e  c u rre n t-c u r re n t 
c o r re la t io n  fu n c tio n
. V  .  V  +where Jx = “ « Z ^ ~ ^ P a k  Pak^ 2 -  ~^Puk Pa k
k,a 5kr k.a^a.Sk,
(5)
( a  =  o ' ) (2)
^aa' ~ 5 ( < u - 0 ) + ) -  ^^S{<a-(o_),Am ' Am
a  and a'  take values 1 and 2.
T h e  c o n d u c tiv i ty  c a n  b e  r e c a s t  in  th e  fo rm  
w h e re  th e  fu n c tio n  He) c a n  b e  o b ta in e d  fro m  th e  H a m ilto n ia n
(Se
w h e re  s p e c tra l  w e ig h t A , ,, A , j  a r e  o b ta in e d  f ro m  th e  c q . (2 ) .
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3. Results and discussion
por n u m erica l c a lc u la tio n , th e  v a lu e  o f  th e  m o d e l p a ra m e te rs  a rc  
chosen  a s  t =  0 .2 5  e V  a n d  th e  e le c tro n  la t t ic e  d e fo r m a t io n  
p o ten tia l G V C  =  0 .1 8  eV . F ro m  c q . (3 ) , it is a p p a re n t  th a t th e  
s t ra in  d e p e n d s  o n  p a r a m e t e r  G ^ /C ,  b a n d  s t r u c t u r e  a n d  
t e m p e r a tu r e .  T h e  v a r i a t i o n  o f  4  =  G c  ( p r o p o r t i o n a l  to  
S pon taneous s t ra in )  w ith  te m p e ra tu re  is d is p la y e d  in  F ig u re  2. 
The s tra in  a p p e a r s  b e lo w  a  tr a n s i t io n  te m p e ra tu re  w h ic h  
d ep en d s  s e n s i t iv e ly  o n  c a r r ie r  c o n c e n t r a t io n  a n d  G v C . T h e  
therm al v a r ia tio n  o f  A is  w e a k  a t T  <  0 .5  T^, a n d  th e n  sh a rp ly  
goes d o w n  to  z e ro  a t  T^. T h e  s a tu ra t io n  v a lu e  o f  s tra in  a lso  
d ep en d s  o n  th e  c o n c e n t r a t io n  a n d  it is la rg e s t  fo r  th e  f i ll in g  fo r 
which th e  F e rm i le v e l in  u n d is to r te d  p h a s e  is n e a r  th e  v an  H o v e  
s in g u la rity . W c n o te  th a t  it is im p o r ta n t  to  c o n s id e r  th e  th e rm a l 
sh ift o f  c h e m ic a l p o te n t ia l  fo r  c o r r e c t  b e h a v io u r  o f  A .
K o rr in g a  re la x a tio n  tim e , sp e c if ic  h ea t etc th a t d e p e n d s  on  D O S  
a t F e rm i le v e l w ill h a v e  u n u s u a l  b e h a v io u r .  T h e  e le c tr ic a l  
tr a n sp o r t w ill be a f fe c te d  d u e  to  e x is te n c e  o f  p se u d o g a p .
F ig u re  4  sh o w s th e  re s is tiv ity  ( p )  v.v te m p e ra tu re  fo r d iffe ren t 
e le c tro n ic  c o n c e n tra tio n . I 'h c s c  c o n c e n tra t io n s  a re  c h o se n  so  
th a t th e  F e rm i lev e l in u n d is to r te d  p h a se  lies c lo s e  to  m a x im u m  
o f  D O S . A t h ig h  te m p e ra tu re  T > is m e ta ll ic  in n a tu re  an d  
in c re a se s  a lm o s t l in e a r ly  w ith  te m p e ra tu re . R e s is tiv ity  c h a n g e s  
fro m  m e ta ll ic  to  se m ic o n d u c to r  lik e  b e lo w  an d  p a sse s  th ro u g h  
a  pC2tk  a s  7 ' is  lo w e re d . T h e  p e a k  v a lu e  an d  its  p o s itio n  d e p e n d  
o n  stjrain, w h ic h  in  tu rn  d e p e n d s  o n  c a r r ie r  c o n c e n tra tio n . F o r  a 
re a l j a p ,  th e  re s is t iv i ty  in c re a s e s  e x p o n e n tia lly  at lo w  T. W e 
n o tc ih a t  it is a s s u m e d  th a t a d h o c  e le c tro n ic  re la x a tio n  tim e  r  is 
te m p e ra tu re  in d e p e n d e n t.
Figure 2. Strain (A) as a function of T for different concentration
T h e  D O S  in  th e  u n d is to r te d  s ta te  sh o w s  th e  2 D  v a n  H o v e  
s in g u la r ity  w h o s e  p o s i t io n  is  a  s tro n g  fu n c tio n  o f  th e  re la tiv e  
va lu es o f  rV/. In  o u r  c a lc u la tio n  w e  ta k e  th e  v a lu e  o f  rV/ =  0 .2 5 . In  
F ig u re  3, w e  sh o w  th e  D O S  fo r  d if fe re n t v a lu e s  o f  te m p e ra tu re . 
At lo w  te m p e ra tu re  th e  g a p  a p p e a rs  a ro u n d  th e  F e rm i le v e l a n d  
It is d u e  to  s p o n ta n e o u s  s tra in . W ith  in c re a s e  in  te m p e ra tu re  
(T  >  0 .5  th e  g a p  e v o lv e s  in  to  a  p s e u d o g a p  d e f in e d  by  a  d ip  
in d e n s ity  o f  s ta te s . T h e  p s e u d o g a p  f in a lly  v a n is h e s  a t T .^ T h e  
v a ria tio n  in  D O S  a ro u n d  th e  F e rm i le v e l is  th u s  s tro n g  b e tw e e n
0 .5 7 ^  <T<T^.  T h u s  th e  e le c tro n ic  p ro p e r t ie s  lik e  K n ig h t sh if t.
Figure 3. Distorted DOS v,v. energy for different temperature.
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Figure 4. Re.si.siivily v.s temperature for diftcient values of n 
4. Conclusion
W e c o n s id e r  a  s im p le  m o d e l fo r  th e  s tru c tu ra l d is to r t io n  in 
c u p ra te s  w h e re  th e  d e g e n e ra c y  o f  o x y g e n  p - le v e l in  C u -O  la y e r 
is re m o v e d  by  sp o n ta n e o u s  d is to r t io n . T h is  le a d s  to  o p e n in g  a  
g a p  o r  p s c u d o g a p  in  D O S . In th is  p ro c e s s  th e re  is a  n e t e n e rg y  
g a m  by  th e  sy s te m  b y  lo w e r in g  its  e le c tro n ic  e n e rg y  o v e r  th e  
in c r e a s e  in  c la s t ic  e n e rg y . T h is  g a p  o r  p s e u d o g a p  s tro n g ly  
d e p e n d s  o n  th e  te m p e r a tu r e  a n d  c a r r ie r  c o n c e n t r a t io n .  In  
p s c u d o g a p  re g io n , th e  r e s is t iv i ty  s h o w s  a ty p ic a l m e ta l to  
s e m i c o n d u c t o r  t r a n s i t i o n  w i th  a p e a k  b e lo w  t r a n s i t i o n  
te m p e ra tu re . T h e  e le c tro n ic  c o rre la t io n  e f f e c t w h ic h  is ig n o re d , 
w ill c h a n g e  th e  q u a n ti ta t iv e  a sp e c t o f  th e  re s u lts  a n d  w ill b e  
tre a te d  in  fu tu re .
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